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This invention relates to apparatus for fransferring a semiconductor wafer to and between a cassette
holder and an input station of a vacuum processing system and, more particularly, to wafer transfer
apparatus utilizing a robot-like arm and having the capability to determine and eliminate wafer positioning
errors.

In the fabrication of microminiature integrated circuits on semiconductor wafers, it has become standard
practice to store and to move wafers in a cassette wafer holder. A number of waters are carried in closely-
spaced parallel slots in a cassette holder. In the processing of the wafers, it is usually necessary to unload
the wafers from the cassette holder, one at a time, and to transfer them to an input station of a vacuum
processing system. Examples are processing equipment for ion implantation, sputter etching, plasma
etching, chemical vapor deposition, lithography and the like. Wafers are transferred through an isolation lock
into the main vacuum processing chamber to avoid the necessity for vacuum pumping the entire chamber
each time a new wafer is intfroduced or removed. After processing is completed, the wafer is transferred
back to the cassette holder for removal and further processing. Some water processing systems treat only
one water at a time, while others freat a plurality of wafers in a batch. In batch systems, wafers are similarly
transferred one at a time from a cassette to the input station of the system.

In recent years there has been a trend toward automation of water handling systems in order to speed
up the transfer process, to avoid human error and to reduce particulates and contamination associated with
manual handling. Automated water handling systems are subject to a variety of requirements and
limitations. The avoidance of particulate contamination is of exireme importance, since even micron-size
particles can degrade or destroy devices on the wafer. To prevent contamination, it is necessary to avoid
abrasion and chipping of the wafer edge. Any edge contact must be extremely gentle. Furthermore, moving
parts of mechanisms used near wafers must be very carefully designed to control particulates. Moving parts
are preferably located below the wafers and shielded to the extent possible. Also, air flow must circulate
particles away from the wafers.

Other considerations in the design of wafer handling systems include a requirement for high speed,
since the time for loading and unloading wafers adds to the total process time and to wafer cost. Since
speed is important, the means for transferring wafers from atmosphere to vacuum is a critical factor. Some
prior art systems load one wafer at a time through a vacuum lock while others load an entire cassette,
holding up to twenty-five wafers, in a vacuum lock. Additional requirements include the replacement of a
wafer into the same cassette slot from which it was removed. This requirement necessitates wafer-carrying
devices which can remove a particular wafer from a cassette without contacting or damaging adjacent
wafers spaced only one tenth of an inch apart.

A further requirement is to accurately position the wafer on the input station with its flat having a
predetermined orientation. The slots in- the cassette holder are somewhat larger than the wafer and, thus,
do not insure accurate wafer positioning. Further, the wafer flat orientation is not controlled in the cassette
holder. However, accurate positioning in the input station of the processing system is necessary 1o insure
reliable wafer retention and to avoid wafer damage. lon implantation systems require a particular wafer flat
orientation, which is indicative of the crystal orientation of the wafer, to control channeling by impinging
ions.

In prior art systems, a wafer position sensor has determined the actual position of a wafer relative to a
desired position, and used separate means for translating the wafer to the desired position, and then moved
the wafer to the input station. The prior art systems are disadvantageous in that additional hardware is
required for moving the wafer to its desired position. In addition, further position error can be introduced as
the wafer is transferred from the orientor station to the input station.

A variety of wafer handling techniques have been used in the prior art. Vacuum chucks have been used
fo grip the rear of a wafer when the system operates in atmosphere. A curved and grooved lift blade has
been used to vertically and edgewise lift wafers from a cassette to a processing station. Moving belts and
air cushions have also been employed. All of the prior art systems have suffered from certain disadvantages
and limitations such as generation of particulate contamination, abrasion or damage to wafers and
inadequate speed.

It is a general object of the present invention to provide a new and improved apparatus for transferring
wafers from a cassette holder to an input station of a processing system.

It is a further object of the present invention to provide apparatus utilizing a robot-like arm for
transferring wafers to and between a cassette holder and an input station of a processing system.

It is a further object of the present invention to provide apparatus and methods for transferring a wafer
o an input station of a processing system with compensation for undesired wafer displacement.

It is a further object of the present invention to provide apparatus and methods for transferring a wafer
o an input station of a processing system with a desired angular orientation.
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It is a further object of the present invention to provide a wafer support pick for transfer of wafers
provided with a means for sensing the weight of a wafer on the pick.

It is a further object of the present invention to provide apparatus and method for presenting a wafer to
a wafer identification visual inspection station for enhanced process control.

It is a further object of the present invention to provide apparatus for accurately transferring wafers to
and between at least one cassette holder and an input station of a processing system in vacuum.

Summary of the Invention

According to the present invention, these and other objects and advantages are achieved in apparatus
for transferring a wafer from a cassette holder to an input station of a processing system. The apparatus
comprises a wafer fransfer arm for fransferring a wafer in a plane between the cassette holder and the input
station, means for holding the cassette holder with wafers parallel to the plane and for indexing wafers into
engagement with the wafer transfer arm, means for extending and retracting the wafer transfer arm fo and
between the cassette holder and the input station, and means associated with the input station for removing
a wafer from the wafer transfer arm. The wafer transfer arm includes elongated primary and secondary
sections coupled together for rotation about a pivot axis, the primary section having a primary axis of
rotation spaced apart and parallel to the pivot axis. The secondary section has a wafer support pick at the
opposite end from the pivot axis. The transfer arm further includes linkage means for causing the secondary
section to rotate about the pivot axis at a predetermined rate greater than the primary section rotates about
the primary axis.

It is preferred that the distance between the primary axis and the pivot axis be equal to the distance
between the pivot axis and the nominal wafer center of the wafer pick and that the linkage means cause the
secondary section to rotate about the pivot axis at twice the rate of rotation of the primary section so that
the wafer is moved by the wafer transfer arm in a straight line. It is further preferred that wafer transfer arm
be movable for access o a plurality of cassette holders.

According to another aspect of the present invention, there is provided apparatus for transferring a
wafer to an input station comprising a wafer location station at a predetermined distance from the input
station including means for sensing an actual wafer location relative to a desired wafer location and
determining a correction based on the difference between the actual wafer location and the desired location,
and means for transferring the wafer from the wafer location station to the input station, the fransfer means
including means for translating the wafer at the input station by the required correction so that the wafer is
positioned at the desired location at the input station. It is preferred that the wafer location sensing means
include means for rotating the wafer and means for sensing the wafer edge position as the wafer is rotated.
According to another aspect of the invention, the wafer location station further includes means for sensing
the angular orientation of the wafer and for correcting the angular orientation to a desired orientation. It is
preferred that the wafer be transferred from the wafer location station to the input station by a wafer transfer
arm and that the correction in the direction of arm movement be made by extending the arm more or less
than the nominal extension. It is further preferred that the correction perpendicular to arm movement be
made by translating the wafer transfer arm by the required correction.

According to yet another aspect of the present invention, there is provided apparatus for transferring a
semiconductor wafer from a first station to a second station comprising a wafer transfer arm for transferring
a wafer to and between the first station and the second station, the transfer arm including a generally
horizontal wafer support pick near the end thereof, means for extending and retracting the transfer arm fo
and between the first station and the second station, means for sensing the presence or absence of a wafer
on the support pick by sensing the weight of the wafer thereon, and means for responding to the presence
or absence of a wafer on the support pick in a desired manner. It is preferred that the wafer be sensed by a
strain gauge mounted on the wafer transfer arm.

According to still another aspect of the present invention, there is provided a method for transferring a
semiconductor wafer from a cassette holder to an input station of a processing system. The method
comprises the steps of fransferring the wafer from the cassette holder to a wafer location station, sensing an
actual wafer location relative to a desired wafer location, determining a correction based on the difference
between the actual wafer location and the desired wafer location, fransferring the wafer from the location
station to the input station, and translating the wafer during the step of transferring the wafer to the input
station by the required correction so that the wafer is positioned at the desired location at the input station.
In a preferred embodiment, the method further includes the step of sensing the angular orientation of the
wafer by determining the location of a wafer flat and rotating the wafer to a desired angular orientation at
the wafer location station.
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Brief Description of the Drawings

For a better understanding of the present invention together with other and further objects, advantages

and capabilities thereof, reference may be had to the accompanying drawings in which:

FIG. 1 is a plan view of a wafer transfer apparatus in accordance with the present invention;

FIG. 2 is a cross-sectional elevation of the wafer transfer apparatus shown in FIG. 1;

FIG. 3 is a plan view of the wafer transfer arm and drive of the present invention;

FIG. 4 is an elevation, partly in cross-section, of the wafer transfer arm and drive;

FIG. 5 is a second elevation, partly in cross-section, of the wafer transfer arm and drive;

FIG. 6 diagrammatically illustrates the movement of the wafer transfer arm;

FIG. 7 diagrammatically illustrates the operation of the wafer position correction and orientation system;

and

FIG. 8 is a block diagram of the control system of the present invention.

Detailed Description of the Invention

Wafer transfer apparatus in accordance with the present invention is illustrated in FIGS. 1 and 2. Briefly,
the apparatus operates as follows. Cassette holders 10 each holding a plurality of wafers 12 are placed in
cassette locks 14, 16, 18. The cassette locks 14, 16, 18 are evacuated and the cassette holders 10 are
lowered into an evacuated elevator chamber 20. Wafers are removed from the cassette holder 10 one at a
time by a wafer transfer arm 22, are moved into a transfer vacuum chamber 24 o a location and orientation
station 26 where the wafer position on the arm 22 is sensed. The angular orientation of the wafer can be
changed, if necessary. The arm 22 is then extended along an x-axis, and the wafer is transferred to an input
station 28 of a processing system. In placing the wafer at the input station 28, position errors sensed at the
station 26 are eliminated by compensating displacements. At the input station 28 there is provided means
comprising lift pins 30 for removing the wafer from the fransfer arm 22. After processing, the transfer arm
22 returns the wafer to the cassette holder 10 without use of the location and orientation station 26. When
wafers ace transferred from either of the outer cassette locks 14, 18, the transfer arm 22 is tfranslated
laterally along a y-axis for access to the respective cassette lock. The wafer is removed from the cassette,
the transfer arm is returned to the center position and the arm is extended to the input station 28. The
construction and operation of the wafer transfer system in accordance with the present invention is
described in detail hereinafter.

Each of the cassette locks 14, 16, 18 is enclosed by a cover 32 which can be raised and lowered for
insertion and removal of cassette holders 10 and a bottom plate 34. The cassette locks 14, 16, 18 are
connected fo a vacuum pumping system (not shown) for evacuation thereof. The locks 14, 16, 18 are
individually sealed and connected to vacuum pumping systems so that cassette holders 10 may be
exchanged in one of the locks while the other locks are under vacuum. The bottom plate 34 includes an
opening 35 sealed by a cassette support plate 36. The support plate 36 is sealed with an O-ring 37 to the
plate 34 during exchange of cassettes and is lowered by a cassette elevator system for transfer of wafers
by the system. A sealed bellows 41 is positioned between the top of each cassette holder 10 and an L-
shaped bracket 43 mounted to the support plate 36 and extending over the cassette holder 10. The bellows
41 is collapsed by atmospheric pressure when the lock is open, but contains sufficient gas to expand when
the lock is vacuum pumped. In the expanded condition the bellows 41 holds the cassette holder 10 down
firmly against the chocks 138 and tends to eliminate warping of the cassette holder 10.

An elevator shaft 38 connected to the bottom of support plate 36 passes through the elevator chamber
20 to an elevator drive 40 which is preferably a d.c. servo motor. The elevator chamber 20 is defined by a
housing 42 which includes the bottom plate 34 and the support plate 36 as a common wall with the cassette
locks 14, 16, 18. The elevator chamber 20 is connected to a vacuum pumping system (not shown) for
evacuation thereof. The elevator shaft 38 is sealed from the interior of the elevator chamber 20 by a bellows
44. The elevator drive 40 is positioned outside the elevator chamber 20 provides the capability to move the
cassette holder 10 up and down in desired increments and to seal the cassette support plate 36 against the
bottom plate 34 for exchange of cassette holders. The elevator chamber includes an opening 48 into the
transfer vacuum chamber 24 for access by the fransfer arm 22. The opening 48 is preferably provided with
a valve (not shown) for isolation of the elevator chamber 20 to permit servicing.

In the present example, the input station 28 is a disk 47 for mounting a plurality of wafers in a batch-
type ion implantation system. Wafers are mounted near the periphery of the disk, one at a time, by the
wafer transfer apparatus of the present invention. During wafer loading and unloading, the disk is
incrementally rotated so that each wafer mounting location on the disk is presented to the wafer transfer
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system. It will be understood that the wafer transfer apparatus of the present invention can fransfer wafers
to an input station in any type of processing or treatment system.

The lift pins 30, typically three in number, are moved upwardly and downwardly by an actuating air
cylinder 50 through holes in a wafer support platen 49 on the disk 47. The pins 30 lift a wafer from the
platen 49 surface for removal by the arm 22, or lift a wafer from the transfer arm 22 for placement on the
platen 49 surface. As described hereinafter, the transfer arm 22 includes a relatively thin, flat wafer pick
which passes between the wafer and the platen 49. When a wafer is being loaded onto the disk 47, the pins
30 lift the wafer from the fransfer arm 22 which is then retracted. When a wafer is being removed from the
disk, it is lifted by the pins 30, the transfer arm 22 is extended between the wafer and the platen 49, and the
lift pins 30 are lowered, thereby lowering the wafer onto the fransfer arm 22. Usually, the wafer is clamped
to the platen 49 surface at the input station 28. Alternatively, the wafer can be moved from the input station
to another location within the processing system.

The transfer vacuum chamber 24 is defined by a housing 51 and is connected to a vacuum pumping
system (not shown) for evacuation thereof. The fransfer arm 22 is located in the chamber 24 and is
supported and operated by a transfer drive system 52. The drive system 52 includes a drive assembly 54
which supports and drives the transfer arm 22. The drive assembly 54 and the arm 22 are laterally movable
along the y-axis shown in FIG. 1. The drive assembly 54 is movable along the y-axis under control of a
drive motor 56 positioned outside the chamber 24 and a lead screw 58. As shown in FIGS. 4 and 5, the
drive assembly 54 is mounted to a U-shaped support bracket 60. A guide track 62 is mounted across the
chamber 24 parallel to the y-axis in front of the cassette locks 14, 16, 18. The support bracket 60 is coupled
fo the guide track 62 by linear rails 64. The lead screw 58 is attached to the support bracket 60 and, when
operated by the motor 56, drives the combination of the support bracket 60 and the drive assembly 54
along the linear rails 64.

Referring now to FIG. 3, the wafer transfer arm 22 includes an elongated primary section 70 connected
at a primary axis 72 to the drive assembly 54 for rotation about the primary axis 72. An elongated
secondary section 74 is connected to the primary section 70 for rotation about a pivot axis 76. Near the end
of the secondary section 74, opposite the pivot axis 76, there is provided a wafer support pick 80. A primary
pulley 84 is mounted on the primary axis 72 in a fixed position on the drive assembly 54. A secondary
pulley 86 is fixed to the secondary section 74 on the pivot axis 76. A drive belt 88 connects the primary
pulley 84 and the secondary pulley 88. A belt tensioner 90 provides means for adjusting tension in the drive
belt 88. The primary pulley 84 is preferably twice the diameter of the secondary pulley 86. With this ratio of
diameters, as the primary section 70 is rotated about the primary axis 72, the secondary section 74 is
caused to rotate about the pivot axis 76 at twice the angular rate of the primary section 70. That is, for each
revolution of the primary section 70, the secondary section 74 makes two revolutions. This arrangement
provides linear motion of a nominal wafer center 92 on the wafer pick 80 when the distance between the
primary axis 72 and the pivot axis 76 is equal to the distance between the pivot axis 76 and the nominal
wafer center 92.

The wafer pick 80 at the remote end of the secondary section 74 is typically a thin, flat metal sheet
0.127 cm thick, or less, to permit access between wafers in the cassette holder 10. The nominal wafer
center 92 ideally should be aligned with the center of the wafer during transfer. The upper surface of the
wafer pick 80 is provided with several pads 94 of polyurethane or other material having a high coefficient of
friction, in the area contacted by the wafer. The pads 94 enhance friction between the wafer and the pick 80
and prevent the wafer from inadvertently sliding off the pick. The pick 80 is further provided with a raised
stop 96 which has a crescent shape to match the wafer periphery and is located at the periphery of the
nominal wafer position. The stop 96 assists in properly positioning a wafer on the pick 80 when the wafer is
being removed from the cassette holder 10. A strain gauge 98, such as a type piezoresistive strain gauge,
is preferably mounted on the upper surface of the secondary section 74, preferably close to the pivot axis
76 to sense the presence of a wafer on the pick 80. Strain gauge 98, as is known in the art, provides an
electrical signal dependent on the strain in the secondary section 74 produced by the weight of a wafer
thereon. To enhance the sensing, the secondary section 74 is preferably a thin, flat member throughout its
length. The wafer pick 80 is further provided with a hole 100 concentric with the nominal wafer center 92 for
operation of the wafer orientor as described hereinafter.

The motion of the wafer transfer arm 22 is illustrated in FIGS. 6A-6E. As described above, the
arrangement of the pulleys 84, 86 and the drive belt 88 rotates the secondary section 74 at twice the
angular rate of the primary section 70. In addition, the distance between the primary axis 72 and the pivot
axis 76 is made equal to the distance between the pivot axis 76 and the nominal wafer center 92. With
these dimensions, the wafer is moved by the fransfer arm 22 in a straight line as indicated in FIGS. 6A-6E.
With reference to FIG. 6C, it is noted that when the primary section 70 overlaps the secondary section 74,
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the nominal wafer center 92 and hole 100 are aligned with the primary axis 72. This is important in
operation of the wafer orientor as described hereinafter. With reference to FIG. 6E, it is noted that the arm
22 is not fully extended when the wafer reaches the input station 28. This is important in operation of the
wafer orientor as described hereinafter, since additional travel is available to compensate for inadvertent
displacement of the wafer relative to its desired position. FIG. 6A shows the arm 22 fully extended for
removal of a wafer from the cassette holder 10. FIG. 6C shows the arm 22 in its neutral, or orient, position.
FIG. 6E shows the arm 22 nearly fully extended for placement of the wafer at the input station 28. PIGS. 6B
and 6D show intermediate positions of the transfer arm 22. An alternative wafer transfer arm construction is
shown and described in a copending British Patent Application No.87

The wafer transfer arm 22 shown and described herein is advantageous in reliable transfer of wafers
since the arm drive motor is ramped to maintain the acceleration of the wafer at well below one "g" and to
start movement with low velocity. Thus, sudden starting and stopping and high acceleration of the arm,
which could cause wafers to be dropped, are avoided.

Referring now to FIGS. 4 and 5, there are shown the details of the transfer arm drive assembly 54 with
the transfer arm 22 mounted thereto for rotation about the primary axis 72. The drive motors and associated
hardware for the transfer arm 22 are located within a sealed drive housing 110, the interior of which is
maintained at atmosphere. The drive housing 110 is connected via a flexible hose (not shown) through the
vacuum chamber 24 to the external environment to maintain atmospheric pressure in its interior. As a result,
the drive motors and hardware are adequately cooled by conduction cooling and particulates generated by
moving parts are contained within the drive housing 110. A drive shaft 111 for the fransfer arm 22 passes
through a fluid seal to the interior of the housing 110 and is coupled to an arm drive motor 112 by a pulley
126 on the drive shaft 111, a pulley 127 on the motor 112 and an interconnecting belt (not shown). The
drive motor 112 is preferably a d.c. servo motor for highly accurate control of position of the transfer arm
22.

An orientor chuck 114, having a generally flat upper surface provided with a polyurethane ring for
friction with a wafer, is located in the upper surface of the primary section 70 on the primary axis 72. The
orientor chuck 114 is supported by a chuck shaft 116 on the primary axis 72 which passes through and is
concentric with the drive shaft 111 into the drive housing 110. The chuck shaft 116 can be raised and
lowered by an air cylinder 118. When the transfer arm is in the neutral position as shown in FIG. 6C, the
orientor chuck 114 is lifted through the hole 100 in the secondary section 74 and lifts the wafer above the
wafer pick 80. The chuck shaft 116 is also connected to an orientor motor 120 by pulleys 121, 122 and
drive belt 123. The orientor motor 120 can be a d.c. servo motor. When the orientor chuck 114 is raised by
the air cylinder 118 to lift the wafer as described above, the motor 120 is energized to rotate the orientor
chuck 114 and the wafer for wafer position sensing as described hereinafter.

A wafer location and orientation sensor as shown in FIG. 5 includes a support bracket 130 for a light
source 132 and a solar cell 134. The light source 132 is positioned near the edge of the wafer and is
directed across the wafer edge to the solar cell 134. The solar cell is mounted with its long dimension
aligned with the primary axis 72 and facing the wafer and the light source 132. The wafer blocks a portion
of the light from the source 132 from reaching the solar cell 134. As the wafer is rotated about the primary
axis 72, the solar cell output is monitored. If the wafer is perfectly centered on the primary axis 72, the
output of the solar cell 134 remains constant except at the wafer flat. The signal variation at the flat can be
used to determine the angular orientation of the wafer flat and to correct the flat to a desired angular
orientation by rotation of the orientor chuck 114. In the usual case where the wafer is not perfectly centered
on the primary axis 72, the solar cell 134 output varies as the wafer is rotated. The output signal variation is
processed to determine the actual wafer center relative to the desired wafer center x,, Yo on the primary
axis 72, as shown in FIG. 7.

As shown in FIG. 1, the y axis of the wafer transfer apparatus is defined by the path followed by the
primary axis 72 as it is translated for access to the cassette holders and locks 14, 16 and 18. The x axis is
defined by a line drawn through the center of the input station 28 and the nominal center of wafers in
cassette lock 16. Primary axis 72 is located at the origin of the above-defined coordinate system when
transferring wafers to and from the input station 28 and when transferring wafers to and from the middle
cassette lock 16.

In the orientor of the present invention, the correction to the position of the wafer is made by the
placement of the wafer at the input station 28 at a corrected position. The x axis error is compensated by a
correction fo the extension of the fransfer arm 22. That is, the arm 22 is extended more or less than the
normal extension to eliminate x-axis error. The y axis error is compensated by movement of the entire
transfer arm 22 and drive assembly 54 along the guide frack 62 by the amount of the y-axis error. Thus, for
example, if the displacement error is determined by the solar cell 134 and associated processing circuitry to
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be xn = +0.25 cm and y,, = -0.5 cm, then the wafer is placed at the input station 28 as follows. The x
axis error is compensated by placing the wafer at the input station 28 with the transfer arm 22 extended by
0.25 cm less than its nominal position. The transfer arm 22 and the drive assembly 54 are translated by the
motor 56 and the lead screw 58 in the positive y direction by 0.5 cm to compensate for the original y axis
error and by the newly induced y axis error due o the x correction. The wafer is then lowered to the input
station 28 by the pins 30 exactly centered with respect to the input station 28.

As noted above, the rotational orientation of the wafer is determined at the location and orientation
station 26 and is corrected by rotation of the orientor chuck 114. It can be seen that the wafer undergoes
rotation as it is moved from the location and orientation station 26 to the input station 28 by the transfer arm
22. This rofation is calculated and is compensated by a corresponding opposite rotation of the orientor
chuck 114 so that the wafer is positioned with the desired orientation at the input station 28.

The signal from the solar cell 134 as a function of wafer rotation angle is converted to digital form with
an analog to digital converter and supplied to a computer where the data is reduced by a convolver such as
a 3 x 1 convolver. To locate major and minor flats and notches, peaks and valleys in the convolved data
with absolute value greater than a predetermined threshold are identified. The zero crossing from peak to
valley in the convolved data determines the angle of the wafer flat.

The data from the flat must be deleted when determining the actual position of the wafer center relative
to a reference point, or desired position. Then, for a number of the stored raw data points from the solar
cell, compute the difference mean with the corresponding data point 180 degrees away to give x;. Then, for
each x;, compute the difference mean of the two data points which are 90 degrees away from the first
points to give y;. This generates N pairs of (x;, y;). Designate the first pair as the coordinate system and
compute relative to the coordinate system:

X Xq 1 ié Cos 1 sin 1 Xy
Y Yo N i=l1 } ~-Sin i Cos i Yy

where (X,, Yo) is the center of rotation, (X, ym) is the actual center of the wafer relative to the center of
rotation and ¢ ; is the angle between the coordinate system and (x;, y;). Then find

¢ = tan™" (Ym/Xm)

= 2 2
Re = Sqrt (xm + ym)

where ¢ is the angle to the actual wafer center and R, is the distance to the actual wafer center.

Next, consider wafer angular orientation. Let a be the desired angle of the wafer flat at the input station
28. As the arm 22 fransfers the wafer from the station 26 to the input station 28, the wafer is rotated through
an angle equal to the angle between the arm 22 and the x axis when the arm 22 is extended to the input
station 28, as shown in FIG. 1. In the present example, this angle is 21.4° At the station 26, rotate the
midpoint of the wafer flat such that it is at « 21.4°. Since the wafer center is displaced from the center of
rotation, the wafer center is rotated by 8 = («-21.4°) -6 , where 6 = initial angle of the wafer flat, to (x4, Yq)

X4 cosf3 sinB X

Y4 " | -sinB cossB Yo

Now, transferring the wafer to the input station 28 will rotate (xq4, Xg) 10 (X4', Xq')
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. o . 0
xd ) cos 21.4 sin 21.4 xd

p . o o]
Yg -sin 21.4 cos 21.4 Yaq

Since the wafer flat will be rotated by (21.4° -dg) extra from the desired channeling angle where do = cos™'
(L + x4')(2M),

where L is the total linear displacement and M is the length of the primary arm. Then initially rotate the
midpoint of the wafer flat at the station 26 by (8 - (21.4° - dg)). Then rotate the arm 22 by dég to perfectly
align and position the wafer at the input station 28.

The wafer positioning and orientation system described herein can be used to present a wafer to a
wafer identification visual inspection station, such as a character reader, for enhanced process control.

A simplified block diagram of the control system of the present invention is shown in FIG. 8. A
computer 150 with appropriate memory and peripheral devices receives and processes signals from the
solar cell 134 through an analog to digital converter 152 as described above. The computer 150 also
receives signals from the strain gauge 98 through an interface circuit 154. Energizing signals for arm drive
motor 112, orienter motor 120, chuck lift air cylinder 118, lead screw motor 56, lift pin air cylinder 50 and
elevator drive 40 are supplied by the computer through suitable interface circuits. Encoders are used to
feed position signals from the servo motors back to the computer for high accuracy positioning.

In operation, an operator places cassette holders 10 containing wafers in one or more of the cassette
locks 14, 16, 18. The covers 32 of the cassette locks 14, 16, 18 are closed, and the cassette locks are
vacuum pumped to a pressure level approaching that of the elevator chamber 20. The elevator drive is
energized to lower the cassette support plate 36 and cassette holder 10 to a predetermined position relative
to the transfer arm 22. The cassette support plate 36 is preferably provided with chocks 138 which raise the
level of the cassette holder 10 and provide access by the wafer pick 80 to a space 136 between the
lowermost wafer in the cassette holder 10 and the upper surface of the support plate 36 since the end of
the cassette holder 10 is partially open. The space 136 is centered on the plane of the transfer arm 22 and
the transfer arm 22 is extended into the space 136. Nexi, the cassette holder 10 is moved downwardly by
means of the elevator drive 40 until the first wafer makes contact with the wafer pick 80 as determined by
the signal from the strain gauge 98. The cassette elevator is stopped with the first wafer resting on the pick
80. The physical contact between the first wafer and the wafer pick 80 is used by the system computer to
calculate the position of the remaining wafers in the cassette holder 10, based on the known spacing
between slots in the cassette holder. The strain gauge 98 provides the ability to locate wafers in the
cassette holder 10, based on actual position of the first wafer and the spacing of cassette slots, plus any
tolerances in the cassette. However, tolerances of the system elements are not involved in the location of
the wafers.

The wafer pick 80, with the first wafer from the cassette holder 10 resting thereon, is moved by
operation of the transfer arm 22 to the location and orientation station 26. The orientor chuck 114 is raised
by operation of the air cylinder 118 so as to raise the wafer above the wafer pick 80. The wafer is then
rotated by operation of the orientor motor 120 through at least one complete revolution. During rotation the
light source 132 and the solar cell 134 sense the position of the wafer relative to the primary axis 72 and
determine correction X, ym, as described hereinabove. In addition, the solar cell 134 and associated
circuifry determine the orientation of the wafer flat. Then, the orientor chuck 114 is again rotated until the
wafer flat is at the desired orientation with compensation for subsequent rotation by the arm 22. Then, the
arm 22 is extended to the input station 28 with the necessary position corrections xn, ym made as
described hereinabove.

When wafers are being removed from either of the outer cassette locks 14, 18, the transfer arm 22 and
the drive assembly 54 are moved along the guide frack 62 by the motor 56 and lead screw 58 to a position
in front of the respective cassette lock. The wafer is withdrawn from the cassette holder, as described
above, and moved to the location and orientation station 26. Then, the transfer arm 22 and the drive
assembly 54 are moved back to the center location on the x axis. The location and orientation sensing are
performed and the wafer is transferred to the input station 28 as described above. When the wafer reaches
the input station in the corrected position, the pins 30 are raised by the air cylinder 50 to lift the wafer from
the wafer pick 80. The transfer arm 22 is withdrawn from beneath the wafer, and the wafer is lowered by the
pins 30 onto the wafer support platen or other wafer support means at the input station 28. The loading
process can be repeated until a number of wafers are loaded to successive stations on, for example, the
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rotating disk of an ion implanter. In wafer removal from the input station 28, the process described above is
reversed except that the location and orientation procedure is not required. The wafer is moved directly
from the input station 28 to the cassette holder with appropriate translation along the y axis, if necessary.

It will be understood that the wafer transfer apparatus of the present invention can be programmed so
that a number of wafers can successively be loaded to the input station 28 and later successively removed
from the input station 28. If desired, the load and unload procedure can be alternated so that one wafer is
removed from the input station and a new wafer is loaded before the disk is rotated to a new position.
Furthermore, the system has the capability of loading and unloading wafers from cassettes in a program-
mable fashion. That is, the wafer pick 80 can remove a wafer from a predetermined slot of a predetermined
cassette and can replace a wafer in a predetermined slot of a predetermined cassette, provided the slot is
empty.

The use of the strain gauge 98 for wafer sensing has been described above in connection with locating
wafers in the cassette holder 10. The strain gauge 98 is also useful in determining whether a wafer is
broken or inadvertently falls from the wafer pick 80 at any time during the transfer process. When a wafer is
broken, a portion usually falls away, thereby reducing the weight on the wafer pick and causing a change in
the signal output by the strain gauge 98. Thus, the strain gauge 98 is useful in detecting the presence or
absence of wafers. When a wafer is dropped or broken, it is necessary for the system to alert the operator
so that corrective action can be taken.

The wafer transfer apparatus of the present invention has been shown and described hereinabove in
connection with linearly aligned cassette locks 14, 16, 18, necessitating translation of the transfer arm 22
and the drive assembly 54 along the y axis for access to each cassette lock. In an alternative embodiment,
the cassette locks and associated cassette holders are positioned on two or three sides of the transfer arm
22 and facing toward the primary axis 72. The transfer arm 22 and drive assembly 54 in this embodiment
are mounted for rotation, rather than linear franslation, o access each of the cassette locks. In this
embodiment, the fransfer arm is rotatable for extension and retraction. In addition, the entire drive assembly
54 is rotated about the primary axis 72 so that the transfer arm 22 can be extended in another direction; for
example, along the y axis. Furthermore, while the transfer apparatus of the present invention is particularly
useful for semimconductor wafer transfer, it will be understood that any thin disk-shaped workpiece can be
handled by the system.

It will be understood that the wafer position correction system described herein can be utilized without
the angular orientation function when wafer flat orientation is not required. In addition, the wafer transfer
apparatus described above operates in vacuum. However, the system can be operated in atmosphere when
the requirements of the system so dictate.

Claims

1. Apparatus for transferring a semiconductor wafer to an input station of a processing system comprising
a wafer location station spaced from said input station, said wafer location station including means for
sensing an actual wafer location relative to a desired wafer location and for determining a correction
based on the difference between the actual wafer location and the desired wafer location and fransfer
means for transferring said wafer from said wafer location station to said input station, said fransfer
means including means for moving said wafer by said correction as it is fransferring from said wafer
location cation to said input station so that said wafer is positioned at the desired location at said input
station.

2. Apparatus as claimed in Claim 1 comprising a cassette holder for supporting said wafer, said transfer
means being arranged to transfer said wafer from said cassette holder to wafer location means for
subsequent transfer therefrom and said transferring means comprises a single wafer transfer arm for
removing a wafer from the cassette holder and for fransferring the wafer between the cassette holder
and the input station, said wafer transfer arm including elongated primary and secondary sections
coupled together for rotation about a pivot axis, said primary section having a primary axis of rotation
spaced apart from and parallel to said pivot axis, said secondary section having a wafer support pick at
the opposite end from said pivot axis, said transfer arm further including linkage means for causing said
secondary section to rotate about the pivot axis at a predetermined rate greater than that at which said
primary section rotates about the primary axis, an intermediate station for sensing undesired displace-
ment of said wafer relative to said wafer pick means for holding the cassette holder and for indexing
said wafer into engagement with said wafer pick and means for extending and retracting said wafer
transfer arm to and between the cassette holder, the intermediate station and the input station,
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including means for causing said wafer transfer arm to transfer said wafer from said cassette holder to
said intermediate station for sensing undesired displacement of said wafer relative to said wafer pick
and means for causing said wafer transfer arm to place said wafer in said input station in a corrected
position which compensates for said undesired displacement by a correction factor equal in magnitude
and opposite in direction to said undesired displacement, said correction factor being introduced as
said wafer is moved by said wafer transfer arm from said intermediate station to said input station.

Apparatus as claimed in Claim 2 further including means for moving said wafer transfer arm and said
means for extending and retracting said wafer transfer arm, for access to a plurality of cassette holders.

Apparatus as claimed in Claim 3 wherein the distance between said primary axis and said pivot axis is
equal to the distance between said pivot axis and a nominal wafer centre of said wafer pick, and
wherein said linkage means causes said secondary section fo rotate about said pivot axis at twice the
rate at which said primary section rotates about said primary axis, whereby said wafer transfer arm
moves a wafer in a straight line.

Apparatus as claimed in Claim 4 wherein said linkage means includes a primary pulley in a fixed
position on the primary axis, a secondary pulley coupled to the secondary section on the pivot axis and
a belt drive coupled between the primary pulley and the secondary pulley.

Apparatus as claimed in any one of Claims 2 to 5 wherein said intermediate station includes means for
rotating said wafer and noncontact means for sensing the edge position of said wafer during rotation
and means for converting edge information to a displacement relative to a reference point.

Apparatus as claimed in any one of Claims 2 to 6 wherein said means for causing said wafer transfer
arm to place the wafer in a corrected position includes means for correcting the travel of said wafer
transfer arm and means for translating said wafer transfer arm laterally so as to obtain said correction
factor.

Apparatus as claimed in any one of Claims 2 to 7 wherein said intermediate station is located on said
primary axis and further including orientation sensing means on said primary axis comprising an
orientation chuck, means for lifting said chuck above said wafer pick, means for rotating said orientation
chuck and said wafer, and means for sensing the edge position of said wafer as the wafer is rotated.

Apparatus as claimed in Claim 8 wherein said orientation chuck is lifted on said primary axis through a
hole through said wafer pick.

Apparatus as claimed in Claim 1 comprising a cassette holder for supporting said wafer, said transfer
means being arranged to transfer said wafer from said cassette holder to wafer location means for
subsequent transfer therefrom, said wafer location station being located intermediate said cassette
holder and said input station.

Apparatus as claimed in claim 1 or claim 10 wherein said transfer means includes a robot-like transfer
arm having a wafer pick movable between said wafer location station and said input station.

Apparatus as claimed in Claim 11 wherein said wafer location sensing means includes means for
rotating said wafer and means for sensing the wafer edge position as said wafer is rotated.

Apparatus as claimed in Claim 12 wherein said wafer edge sensing means includes a light source and
a light sensor positioned on opposite sides of said wafer edge.

Apparatus as claimed in any one of Claims 11 to 13 wherein the correction in one direction is obtained
by varying the extension of said wafer fransfer arm from the normal extension thereof.

Apparatus as claimed in Claim 14 wherein said transfer means further includes means for franslating
said wafer arm laterally with respect to the axis between said wafer location station and said input
station and the correction normal to the direction of arm extension is obtained by lateral translation of
said wafer fransfer arm.
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Apparatus as claimed in Claim 15 wherein said wafer location station further includes means for
sensing the angular orientation of said wafer and correcting said angular orientation to a desired
orientation.

Apparatus as claimed in Claim 16 wherein said means for correcting said angular orientation includes
means for rotating said wafer at said wafer location station.

Apparatus as claimed in claim 1 or claim 10 wherein said transfer means includes a wafer transfer arm
for transferring a wafer between the wafer location station and the input station, said wafer transfer arm
including elongated primary and secondary sections coupled together for rotation about a pivot axis,
said primary section having a primary axis of rotation spaced apart and parallel to said pivot axis, said
secondary section having a wafer support pick at the opposite end from said pivot axis, said transfer
arm further including linkage means for causing said secondary section to rotate about the pivot axis at
a predetermined rate greater than said primary section rotates about the primary axis.

Apparatus as claimed in Claim 18 wherein said wafer location sensing means in located on said
primary axis and comprises an orientation chuck, means for lifting said chuck above said wafer and
means for sensing the position of the wafer edge as the wafer is rotated.

Apparatus as claimed in Claim 19 wherein said wafer location sensing means also comprises means for
rotating said orientation chuck.

Apparatus as claimed in any one of Claims 10 to 20 wherein said cassette holder, said wafer location
station and said transfer means are located in an evacuated chamber communicating with a vacuum
treatment chamber for said wafer.

Apparatus as claimed in any one of claims 10 to 21 comprising a vacuum lock containing said cassette
holder and means for holding the cassette holder and for indexing said wafer into engagement with said
transfer means, said holding means including a sealed bellows mounted to expand when the vacuum
lock is evacuated and to retain said cassette holder firmly in place in said vacuum lock.

Apparatus as claimed in any one of claims 1 to 22 wherein said input station is an end station disk of
an ion implantation system.

A method for transferring a semiconductor wafer from a wafer location station to an input station of a
processing system comprising the steps of sensing an actual wafer location at said wafer location
station relative to a desired wafer location, determining a correction based on the difference between
the actual wafer location and the desired wafer location, transferring said wafer from said wafer location
station to said input station, and moving said wafer by said correction during the step of transferring the
wafer to the input station so that said wafer is positioned at the desired location at said input station.

A method as claimed in Claim 24 comprising transferring the wafer from a cassette holder to the wafer
location station prior to transfer therefrom.

A method as claimed in Claim 24 or Claim 25 wherein the step of sensing the actual wafer location
includes the steps of rotating the wafer about the desired wafer location and sensing the position of the
wafer edge during the step of rotation.

A method as claimed in Claim 27 further including the step of sensing the angular orientation of said
wafer by determining the location of a wafer flat and rotating the wafer to a desired angular orientation
at said wafer location sation.

A method as claimed in any one of Claims 25 to 28 wherein the step of determining the correction
includes the steps of determining the actual angular orientation of the wafer flat by convolving the wafer
edge data and identifying zero crossings in the convolved data, and determining the position of the
actual wafer center relative to the center of rotation by calculating the difference mean between wafer
edge data 180 degrees apart for at least two sets of points not in the wafer flat.
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29. A method as claimed in Claim 29 further including the step of rotating the wafer from the actual angular
orientation to a desired angular orientation at said wafer location station.

30. A method as claimed in Claim 30 wherein the step of rotating the wafer to a desired angular orientation

includes the step of compensating for rotation occurring during the step of transferring the wafer to said
input station so that the wafer is accurately placed at the input station.

13
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